A process was standardized to develop whey beverages in combinations with and without skim milk, using selected strains of Lactobacillus acidophilus NCDC-15, L. casei NCDC-12, and L. casei RTS, which have antagonistic properties, and bile salt tolerance. L. acidophilus NCDC-15 in combination with L. casei NCDC-12 produced a highly acceptable beverage which had antagonistic properties against food borne pathogens (Escherichia coli, Klebsiella pneumoniae, Salmonella typhi, Staphylococcus aureus) and showed maximum tolerance at pH 4.0 and in presence of 0.5 per cent bile salt. The growth characteristics of selected strain were studied in 50:50 and 100:00 blends of whey and skim milk at 37 AE 1 C following 16 h of incubation. L acidophilus NCDC-15 in combination with L. casei NCDC-12 strains produced highly rated acceptable beverage as determined by a sensory panel and also was best in terms of lowest pH, maximum titratable acidity, rate of acid production, percent soluble nitrogen, and acetaldehyde production.
INTRODUCTION
Whey, a by-product obtained during manufacture of channa, paneer, and cheese contains about 10% of the total milk proteins and most of the water soluble vitamins, lactose, and minerals. In cheese production, about 20% of the total milk proteins get transferred to whey. Besides being rich in sulphur containing amino acids, whey proteins also supply other essential amino acids. About 3 million tons of whey produced annually in India containing about 2 lakh tons of valuable milk nutrients, is drained in sewage, which causes pollution besides loss of valuable nutrients. It has been observed that B.O.D. value of whey is in the range of 35,000-40,000 ppm. Durham et al. [1] reported that treating 5 lakh litres of whey in the sewage would cost $10,000 per day for primary treatment or $145,000 for tertiary treatment. Product diversification using whey as a raw material is need of the hour. However, many researchers have prepared fermented milk drink using different strains of Lactobacillus casei and Lactobacillus acidophilus. [2, 3] Mutai [4] prepared a cultured milk drink ''Yakult'' by fermenting the milk with L. casei, L. acidophilus, and L. casei based products are known widely for their possible therapeutics and antagonistic characteristics and their flavor and other attributes. [5] [6] [7] The use of these fermented milks as a therapeutic agent is based on the assumption that this formulation combats the so called auto-intoxication caused by the accumulation of toxic substances in the body elaborated by the growth of certain toxigenic bacteria. In addition to this, the constant use of L. acidophilus and L. casei in fermented products, is recommended for controlling several other intestinal disorders. [8, 9] In view of the above facts, the present investigation was under taken to optimize the process to develop an acceptable whey based beverage having therapeutic, probiotics, and antagonistic properties.
MATERIALS AND METHODS
Fresh cows milk obtained from Livestock Research Centre of this University was separated using electrically operated cream separator. Whey was obtained by coagulation of separated milk at 70 AE 1 C using 2% citric acid solution.
Cultures
The freeze dried cultures of Lactobacillus acidophilus NCDC-15, Lactobacillus casei NCDC-12, and Lactobacillus casei-RTS obtained from National Dairy Research Institute, Karnal, India were used in this investigation. The above cultures were activated in lactic broth at 37 AE 1 C and then maintained in sterilized litmus milk by fortnightly transfers and stored at 5 C. The cultures were activated by sub culturing 3 to 4 times.
Pathogenic organisms Escherichia coli, Klebsiella pneumoniae, Salmonella typhi, and Staphylococcus aureus obtained from Indian Veterinary Research Institute, Izatnagar, India were used to evaluate antagonistic properties.
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Media
Ellicker broth, Ellicker Agar, and Nutrient Agar obtained from Hi Media Laboratories (P) Ltd., Bombay were used to enumerate microorganisms. The media were reconstituted as per instruction of the manufacturer.
Litmus Milk
Litmus solution (3% W/V) was added to skimmed milk at the rate of 7% V/V and the litmus milk was sterilized at 15 psi for 10 min and then used for maintaining the cultures.
Chemical Analysis
Titratable acidity of skim milk, whey, and beverage was determined by the standard method described in SP: 18. [10] Changes in pH were measured using EC digital pH meter (Model No. 5653, Make ECI, India) fat, [11] moisture, [12] ash, [13] protein, [14] and lactose content of skim milk and whey were estimated.
The soluble nitrogen was estimated according to Kosikowaski. [15] The estimation of acetaldehyde in the samples was done according to the method described by Robinson et al. [16] Microbial Analysis
The viable counts in the samples were enumerated according to APHA [17] procedure using lactic agar. [18] The generation time of the organism was calculated as described by Stanier et al. [19] 
Sensory Analysis
The different blends of skim milk and whey beverage were evaluated for sensory characteristics in terms of flavor, taste, and overall acceptability by 10 semi-trained sensory panels drawn from students and staff of the department. The samples were rated on a Hedonic scale using numerical values for 1 to 9, where 1 represented dislike extremely and 9 represented like extremely. [20] Samples scoring less than 6 were considered to have pronounced taste defects.
Characterization of Strains
Effect of pH and bile salt concentration
Samples of Ellicker broth were adjusted of pH 4.0, 5.0, 6.0, and 6.8 with sterile 1.0 N HCl to study the effect of low pH on growth and survivability of Lactobacillus casei and Lactobacillus acidophilus. Studies in the presence of bile salts (Sodium ORDER REPRINTS glycolate) at 0.3% and 0.5% (W/V) were conducted using Lactobacillus casei NCDC-12, Lactobacillus casei RTS, and Lactobacillus acidophilus NCDC-15 according to the procedure described by Gilliland and Walker. [21] Ellicker broth with or without added bile salt was inoculated with hand activated test culture @ 1% (Cell density 4.8 Â 10 8 /mL) and incubated at 37 AE 1 C. Bacterial growth was determined by measuring the increase in optical density (OD) at 620 nm at 0, 4, 8, 12, and 16 h using a digital spectrophotometer (Spectronic 20-D Milton Roy Company, U.S.A.) and plotted against time.
Antagonistic Activity Against Different Pathogens
Different strains of L. casei and L. acidophilus were tested for their antagonistic activity in milk culture filtrates by their ability to inhibit growth of different intestinal and food borne pathogens by using the modified agar well assay technique. [22] 
Product Preparation
Whey based beverages using optimized conditions were prepared as per flow diagram given below in Fig. 1 . 
RESULTS AND DISCUSSION
The moisture, fat, protein, ash, and lactose percent in skim milk and whey were 90.72 and 93.50, 0.13, and 0.46, 3.27, and 0.38, 0.69, and 0.35, 5.19, and 4.77% respectively. These observations are in accordance with the earlier findings of Hobmann [23] and Paul and Southgate. [24] It was observed that all the blends of whey and skim milk in the ratio of 30:70, 40:60, and 50:50 did not show significant difference with respect to color at 3% sugar level when compared to the control. However, higher concentration of sugar (5 and 6%) added to blends showed significant difference (P < 0.05). The flavor of blends irrespective of combinations differed significantly at different sugar levels. The over all acceptability increased as sugar levels increased in the blends. The 30:70 blend had maximum overall acceptability followed by 40:60 and then 50:50, respectively. The 50:50 blend treated with 5 and 6% sugar levels did not show significant difference (P > 0.01), however, sugar levels at 3 and 5% showed significant difference (P > 0.05) between blends and sugar levels. In view of above observations, 50:50 blends with 5% of sugar level have been selected for optimization. It is apparent from Table 1 that lactic acid production in blends was reduced at 30 AE 1 C in comparison to 37 AE 1 C and 42 AE 1 C. Production rate of lactic acid was found comparatively slower at 42 AE 1 C in comparison to 37 AE 1 C. Incubation temperature is one of the most important environmental factors that influence the biochemical performance of lactic cultures. The role of incubation temperature on acid production by starter culture has been studied by many workers. [25, 26] A wide range of acid production has recommended a wide range of optimum temperature for acid production. Our findings are in accordance with the work of Yoon et al., [27] who prepared liquid yogurt inoculating L. casei in skim milk, incubated at 37 AE 1 C.
L. acidophilus NCDC-15, L.casei NCDC-12, L. casei-RTS both individually and in combinations were examined for their antagonistic activity against E. coli (Plate 4), Salmonella typhi (Plate 1), Klebsiella pneumoniae (Plate 2), and Staphylococcus aureus (Plate 3). All cultures and their combinations showed inhibitory activity against pathogenic bacteria tested in this investigation except L. casei RTS, which did not show antagonistic activity against E. coli. (Fig. 2) .
The Our observations are in accordance with the other workers that L. acidophilus inhibits the growth of intestinal and food borne pathogens [28] [29] [30] therefore, it has been recommended in the treatment of gastrointestinal disorders. The exact mechanisms of antagonistic activity of L. acidophilus and L. casei are not clearly understood. However, the research reported that the antagonistic activity of these organisms might be attributed to both, acid development and elaboration of antimicrobial substances such as acidolin, acidophilin, bacteriocin, and lactosin-705. L.casei RTS did not exhibit antagonistic activity, due to nonproduction of inhibitory compound/anti-microbial agents. [31, 32] Growth characteristics of Lactobacillus strains in the blends of whey and skim milk after 8 h at 37 AE 1 C are shown in Table 2 . It is apparent that pH ranged from 4.4 to 6.11, being highest for L. casei RTS and lowest in combinations of L. acidophilus NCDC-15 with L. casei RTS or L. casei NCDC-12 in 50:50 blends of whey and skim milk. The decrease in pH level in 100% whey was slower in comparison to blends consisting of whey and separated milk. Acid production rate (mmol/s) was highest in blends consisting of whey and separated milk in comparison to whey alone. Maximum acid production rate (2.22 mmol/s) was observed in L. acidophilus NCDC-12 þ L. casei RTS. Growth characteristics of Lactobacillus sp. showed significant changes in blends of whey and separated milk after 8 h at 37 AE 1 C ( Table 2 ). Titratable acidity in the blend of whey and separated milk was highest in comparison to whey alone irrespective of Lactobacillus sp. Titratable [33] found b galactosidase is an inducible enzyme in L. acidophilus. Agrawal et al. [34] reported that addition of sucrose to skim milk enhanced acid production by L. acidophilus. The generation time in whey blends without and with skim milk inoculated with L. casei RTS was maximum (128.80 min) and minimum (114.45 min), respectively after 8 h at 37 AE 1 C. Whereas L. casei RTS and L. casei NCDC-12 inoculated in whey blends without and with skim milk in combination with L. acidophilus NCDC-15 exhibited shorter generation time. This could be attributed to higher production of b-galactosidase and its maximum activity. It is apparent from the Table 2 that proteolysis activity in terms of percent soluble nitrogen by Lactobacillus sp. ranged from 0.02 to 0.05 generally being lower in whey blends without skim milk irrespective of the strains. This could be attributed to higher protein percent in a substrate (whey blended with skim milk), which resulted higher proteolysis. The acetaldehyde being flavoring compound ranged from 0.3 to 1.4 ppm. Amount of acetaldehyde exhibited significant effect on its acceptability. Beverage made from whey skim milk has higher acceptability in comparison to whey beverage without skim milk.
Sensory characteristics of beverages are shown in Table 3 . Whey beverage made with skim milk (50:50) was rated significantly more acceptable in comparison to without skim milk irrespective of Lactobacillus species used in combination. However, beverages made form both the blends rated significantly superior than control.
CONCLUSION
Whey beverage without and with skim milk inoculated with Lactobacillus acidophilus NCDC-15 in combination with L casei NCDC-12/L. casei RTS with 5% sugar incubated at 37 AE 1 C for 8 h resulted acceptable drink with antagonistic properties. Viable counts in whey based beverage ranged from 10 7 to 10 8 cfu/mL.
